**Specifications Table**TableSubject area*Alternative fuels*More specific subject area*Thermal cracking (pyrolysis) of triglycerides*Type of data*Figures and tables*How data was acquired*Experiments and physicochemical analysis*Data format*Raw and tabulated data collection*Experimental factors*Yield of thermal cracking fractions (coke, bio-oil and bio-gas) and physicochemical properties of the products*Experimental features*Thermal cracking of triglycerides with different degrees of unsaturation (soybean oil and blends of soybean oil and hydrogenated fat)*Data source locationData accessibility*Data is with this article*Related research article*Beims et al., Effect of degree of triglyceride unsaturation on aromatics content in bio-oil*[@bib1].

**Value of the data**•This data provides a comparison between the thermal cracking of triglycerides with different degrees of unsaturation.•Information regarding aromatics content due to different degrees of unsaturation in the triglycerides.•The data presented details physicochemical properties of the bio-oil generated.

1. Data {#s0005}
=======

[Fig. 1](#f0005){ref-type="fig"} illustrates the main dimensions of the thermal cracking reactor. [Table 1](#t0005){ref-type="table"} presents the yields of bio-oil, bio-gas and coke, as well as the operational conditions of each experiment. [Table 2](#t0010){ref-type="table"} shows the physicochemical properties of the bio-oils produced. [Table 3](#t0015){ref-type="table"} describes the fatty acids distribution in soybean oil. [Table 4](#t0020){ref-type="table"} has the oxygen content of bio-oil and bio-gas produced. Gas chromatography methods employed are described in [Table 5](#t0025){ref-type="table"}. The bio-gas composition of each sample ([Table 6](#t0030){ref-type="table"}) and the compounds distribution by carbon number ([Table 7](#t0035){ref-type="table"}) were measured. The aromatic content in bio-oil is presented in [Table 8](#t0040){ref-type="table"} and the carboxylic acids in [Table 9](#t0045){ref-type="table"}. [Table 10](#t0050){ref-type="table"} presents the distillation curve as well as the properties estimated through its data.Fig. 1Reactor dimensions.Fig. 1Table 1Thermal cracking experiments.Table 1Exp. numberSampleTemperature (°C)Mass flow (g/h)Yield (%)X~C~ (%)X~L~ (%)X~G~ (%)1SO 100524.82 ± 0.07316.2962.9722.4914.542SO 100524.55 ± 0.36322.6661.2426.4012.373SO 100524.50 ± 0.63335.2259.6822.2418.084SH 90:10524.81 ± 0.11300.0059.4722.9917.545SH 90:10524.71 ± 0.20322.5864.8422.4312.746SH 90:10524,87 ± 0.13327.1867.9920.8011.217SH 80:20524,75 ± 0.19315.7969.5620.0010.448SH 80:20524.83 ± 0.19320.6666.3923.4110.209SH 80:20524.88 ± 0.32333.1767.5224.058.43Table 2Physicochemical properties of the bio-oils produced.Table 2Exp. numberSampleII (gI~2~/100 g sample)AI (gKOH/100 g sample)ρ (kg/m^3^)ν (mm^2^/s)1SO 100176.28211.120.84624.6142SO 100181.34209.870.82325.5023SO 100179.34211.890.84224.7434SH 90:10132.84195.640.86928.0885SH 90:10135.9198.120.86626.8276SH 90:10132.12194.130.85428.1017SH 80:20122.54136.370.92840.1058SH 80:20118.9133.90.88535.0629SH 80:20120.1140.90.90747.941Table 3Fatty acids distribution in soybean oil.Table 3Fatty acidMM (g/mol)%Number of atomsCHOPalmitic (C16:0)2564.4016322Stearic (C18:0)2844.1518362Oleic (C18:1)28227.1518342Linoleic (C18:2)28047.6018322Linoleic (C18:3)2786.7018302Average MM272.12Triglyceride MM870.64Table 4Oxygen content of bio-oil and bio-gas produced.Table 4Exp. numberSampleOxygen content (wt%)Bio-gasBio-oil1SO 1000.03316.122SO 1000.01217.523SO 1000.01517.854SH 90:100.14712.815SH 90:100.17510.896SH 90:100.08713.507SH 80:200.05814.528SH 80:200.07513.639SH 80:200.08313.42Table 5Gas chromatography methods.Table 5SampleColumnCarrier gasOven heating methodInjector temperature (°C)Detector temperature (°C)Bio-gasCarboxen 1000 column (5 m × 2 mm, stainless steel)ArgonInitially 40.0 °C (for 6 min), increasing to 220 °C at a ramp of 20 °C min^−1^. Temperature was kept at 220 °C for 20 min.100200Bio-oilRTX-1 capillary column (30 m × 0.32 mm × 3.00 ηm)HeliumInitially 50 °C (for 2 min), increasing to 280 °C at a ramp of 5 °C min^−1^. Temperature was kept at 220 °C for 20 min.100200Bio-oil (carboxylic acids)RTX-5 capillary column (30 m × 0.25 mm × 3.00 ηm)HeliumInitially 50 °C (for 2 min), increasing to 280 °C at a ramp of 5 °C min^−1^. Temperature was kept at 280 °C for 12 min.250290Table 6Bio-gas composition.Table 6Exp. numberSampleCO (vol%)CH~4~ (vol%)CO~2~ (vol%)H~2~ (vol%)C~2~--C~4~ (vol%)1SO 1003.6011.731.73914.44288.48792SO 1001.0820.4250.8379097.65513SO 1001.6510.8590.79753.9892.71254SH 90:1016.747.9197.1066.64561.595SH 90:1010.6085.5253.72665.74674.39446SH 90:1020.84910.5097.76997.21253.66017SH 80:209.7245.2563.86655.53175.62258SH 80:206.623.2092.78654.71782.66759SH 80:209.0884.4533.15735.15878.1437Table 7Compounds by carbon number.Table 7Compounds by carbon numberSO 100 (vol%)SH 90:10 (vol%)SH 80:20 (vol%)Below C832.997 ± 4.6928.061 ± 1.9330.733 ± 2.55C8--C97.976 ± 0.986.766 ± 0.356.946 ± 1.66C9--C109.423 ± 1.769.409 ± 0.608.263 ± 1.12C10--C116.857 ± 1.047.352 ± 0.636.319 ± 0.70C11--C126.991 ± 1.758.780 ± 0.987.079 ± 0.91C12--C135.636 ± 2.005.234 ± 0.256.545 ± 1.25C13--C142.487 ± 0.231.580 ± 0.431.042 ± 0.44C14--C154.783 ± 0.536.451 ± 0.944.955 ± 0.73C15--C164.528 ± 0.773.754 ± 1.126.342 ± 1.26C16--C173.633 ± 0.653.617 ± 1.225.090 ± 1.04C17--C182.945 ± 0.424.483 ± 0.504.283 ± 0.23C18--C192.055 ± 0.602.972 ± 0.521.963 ± 0.46Above C199.770 ± 2.4211.541 ± 1.2110.441 ± 2.79Table 8Aromatics compounds in bio-oil.Table 8SampleBenzene (vol%)Toluene (vol%)Ethylbenzene (vol%)m-p-xylene (vol%)o-xylene (vol%)Total (vol%)SO 1000.325 ± 0.0310.431 ± 0.0550.230 ± 0.0200.108 ± 0.0150.581 ± 0.0681.6757 ± 0.037SH 90:100.251 ± 0.0190.324 ± 0.0060.188 ± 0.0070.087 ± 0.0060.638 ± 0.0551.4876 ± 0.018SH 80:200.250 ± 0.0200.320 ± 0.0700.170 ± 0.0100.090 ± 0.0120.600 ± 0.0801.4300 ± 0.038Table 9Carboxylic acids in bio-oil.Table 9Exp. numberSamplePalmitic acid (vol.%)Oleic acid (vol.%)Stearic acid (vol.%)1OS 10029.1553.1117.442OS 10028.0956.6415.273OS 10028.1158.2713.624SH 90:1024.0346.2529.725SH 90:1025.8146.5427.656SH 90:1023.5251.7624.727SH 80:2022.5844.5832.848SH 80:2022.0844.8233.19SH 80:2024.3441.933.76Table 10Distillation curves data and properties estimated.Table 10Distilled volume (%)SamplePetroleumSO 100SH 90:10SH 80:20Temperature (°C)040.828.429.424.3587.190.880.96710128.4141.6132.8136.115----139.1159.820173.7201.1191.1183.225204225.5218209.330222.7244.4236.224135239.5265.6255.7267.240258.3293.5277.3289.845276.7320.2303.5297.650297.7337.8324.2303.455319.3345.7336.2340.260333.2348.1341.6367.965338.9--343389.470341.90351.94347.7421.573--353.1----75344.9----444.876--401.2----80405.7--369.2448.783418.3------86----385.2--90444.68473.5913445.9104--°API37,532,424,625.9VABP287.2309.9297.3327.8MM186.1190.2181.8198.4

2. Experimental design, materials, and methods {#s0010}
==============================================

2.1. Materials {#s0015}
--------------

Experiments were carried out with soybean oil and blends of commercial soybean oil with hydrogenated fat. The sample called SO 100 is composed entirely by soybean oil, while SH 90:10 and SH 80:20 are blends of soybean oil with hydrogenated fat (derived from soybean oil). The first blend has 10% (weight) of hydrogenated fat and the latter has 20% (weight).

2.2. Methods {#s0020}
------------

All samples were fed in the reactor at 90 °C. Once hydrogenated fat is solid at room temperature, the preheat was necessary to maintain in the liquid state and avoid clogging in the reactor.

2.3. Thermal cracking reactor {#s0025}
-----------------------------

Thermal cracking experiments were performed in a plug flow reactor, under isothermal and steady-state conditions ([Table 1](#t0005){ref-type="table"}). It was considered similar operational conditions to all samples (constant feed mass flow and reactor temperature). Reactor main dimensions are shown in [Fig. 1](#f0005){ref-type="fig"}. Further details of the reactor were described by [@bib2], [@bib3].

The residence time (*t~res~*) is a relation between the reactor volume (*V~reactor~*) and volumetric flow (*q*):$$t_{\mathit{res}} = \frac{V_{\mathit{reactor}}}{q}$$

Volumetric flow can be written as,$$q = \frac{\overset{˙}{m}}{\overset{-}{\rho}}$$where $\overset{-}{\rho}$ is derived from the Ideal Gas Law,$$\overset{-}{\rho} = \frac{P\overset{-}{\mathit{MM}}}{\mathit{RT}}$$

Thus,$$t_{\mathit{res}} = \frac{V_{\mathit{reactor}}}{\left( \frac{\overset{˙}{m}}{\rho} \right)}$$where *P* is the reactor pressure, *R* is the universal gas constant, *T* is the reactor temperature, $\overset{-}{\mathit{MM}}$ is the average molecular mass and *V~reactor~* is the reactor volume (considered as the region heated by the heating elements and where the thermal cracking occurs = 2.91E−4 m^3^).

The average molecular mass was estimated from the fractions of bio-oil and bio-gas and their average molecular mass, which was based on information on their composition obtained from gas chromatography analysis ([Section 2.6](#s0040){ref-type="sec"}).$$\overset{-}{\mathit{MM}} = X_{\mathit{BO}}{\overset{-}{\mathit{MM}}}_{\mathit{BO}} + X_{\mathit{BG}}{\overset{-}{\mathit{MM}}}_{\mathit{BG}}$$

The average molecular mass of the bio-oil was estimated considering its composition in terms of the fractions and the average molecular mass of the compounds according to the number of carbon atoms in the chain. Each fraction was determined via a comparison with an n-alkane standard sample using GC-FID analysis:$${\overset{-}{\mathit{MM}}}_{\mathit{BO}} = \quad\sum\ {X_{i\_\mathit{liq}}\mathit{MM}_{i\_\mathit{liq}}}$$

The average molecular mass for the bio-gas was determined similarly to that of the bio-oil, where the fractions of the bio-gas compounds were determined by GC-FID/TCD.$${\overset{-}{\mathit{MM}}}_{\mathit{BG}} = \quad\sum\ {X_{i\_\mathit{gas}}\mathit{MM}_{i\_\mathit{gas}}}$$where, ${\overset{-}{\mathit{MM}}}_{\mathit{BO}}$ is the average molecular mass of the bio-oil, ${\overset{-}{\mathit{MM}}}_{\mathit{i\_ liq}}$ is the average molecular mass of each fraction in the liquid, $X_{\mathit{i\_ liq}}$ is the fraction of each compound in the liquid (separated by the number of carbon atoms in the chain), ${\overset{-}{\mathit{MM}}}_{\mathit{BG}}$ is the average molecular mass of the bio-gas, ${\overset{-}{\mathit{MM}}}_{\mathit{i\_ gas}}$ is the average molecular mass of each fraction in the gas, $X_{\mathit{i\_ gas}}$ is the fraction of each compound in the gas.

2.4. Physicochemical properties {#s0030}
-------------------------------

Several analyses were performed to determinate physicochemical properties of the bio-oil produced. EN14111 standard was considered for the iodine index (II) determination, which is associated to unsaturated compounds. A higher II suggests a higher number of double bounds in the molecular chain.

Acidity index (AI) values were obtained according to the method available in ASTM D 974/2008. *AI* is related to the presence of organic acids in bio-oil.

The specific gravity (*ρ*) of the bio-oil samples was evaluated according to ASTM D5355-95 (2012).

The kinematic viscosity (*ν*) of the bio-oil samples was determined using a Ford Viscosity Cup (n. 4), according to ASTM D1200.

2.5. Oxygen content in the bio-oil {#s0035}
----------------------------------

The mass of oxygen in the bio-oil produced was estimated by mass balance, according to Eq. [(8)](#eq0040){ref-type="disp-formula"}.$$m_{\mathit{bio} - \mathit{oil}} = m_{\mathit{Oxygen}\_\mathit{TG}} - m_{\mathit{Oxygen}\_\mathit{BG}}$$where $m_{\mathit{bio} - \mathit{oil}}$, $m_{\mathit{Oxygen\_ TG}}$ and $m_{\mathit{Oxygen\_ BG}}$ are, respectively, the mass of oxygen in the bio-oil, triglyceride (biomass) and bio-gas. It was assumed that coke does not contain a significant amount of oxygen.

The oxygen mass in the feedstock biomass in each experiment was estimated using Eqs. [(9)](#eq0045){ref-type="disp-formula"} and [(10)](#eq0050){ref-type="disp-formula"}, considering that a triglyceride molecule has the format presented in [Fig. 2](#f0010){ref-type="fig"}, where R1, R2 and R3 are three different radicals (fatty acids), which have the distribution shown in [Table 3](#t0015){ref-type="table"}.Fig. 2Triglyceride molecule.Fig. 2

$$X_{\mathit{oxygen}\_\mathit{TG}} = \frac{\mathit{MM}_{\mathit{Oxygen}\_\mathit{TG}}}{\mathit{MM}_{\mathit{TG}}}$$and$$m_{\mathit{oxygen}\_\mathit{TG}} = m_{\mathit{biomass}}X_{\mathit{oxygen}\_\mathit{TG}}$$where $\mathit{MM}_{\mathit{Oxygen\_ TG}}$ is the amount of oxygen in the triglyceride molecule \[g/mol\], $\mathit{MM}_{\mathit{TG}}$ is the molecular mass of triglyceride \[g/mol\], $X_{\mathit{oxygen\_ TG}}$ is the fraction of oxygen in the triglyceride \[g~oxygen~/g~triglyceride~\], $m_{\mathit{biomass}}$ is the amount of biomass fed in the experiment \[g~triglyceride~\] and $m_{\mathit{oxyge}n_{\mathit{TG}}}$ is the amount of oxygen in the biomass \[g~oxygen~\].

Oxygen was present in the bio-gas as CO and CO~2~, both fractions being determined by GC-FID/TCD ([Section 2.6](#s0040){ref-type="sec"}). With the amount of bio-gas produced and its composition, the oxygen content can be determined by [(11)](#eq0055){ref-type="disp-formula"}, [(12)](#eq0060){ref-type="disp-formula"}, [(13)](#eq0065){ref-type="disp-formula"}.$$X_{\mathit{oxygen}\_\mathit{CO}} = \frac{\mathit{MM}_{\mathit{Oxygen}\_\mathit{CO}}}{\mathit{MM}_{\mathit{CO}}}$$$$X_{\mathit{oxygen}\_\mathit{CO}2} = \frac{\mathit{MM}_{\mathit{Oxygen}\_\mathit{CO}2}}{\mathit{MM}_{\mathit{CO}2}}$$$$m_{\mathit{oxygen}\_\mathit{BG}} = \left( {X_{o\mathit{xygen}\_\mathit{CO}}m_{\mathit{CO}}} \right) + \left( {X_{\mathit{oxygen}\_\mathit{CO}2}m_{\mathit{CO}2}} \right)$$where $m_{\mathit{CO}}$ is the mass of CO in bio-gas \[g\], $\mathit{MM}_{\mathit{CO}}$ is the molecular mass of CO \[g/mol\], $m_{\mathit{CO}2}$ is the mass of CO~2~ in bio-gas \[g\], $\mathit{MM}_{\mathit{CO}2}$ is the molecular mass of CO~2~ \[g/mol\], $X_{\mathit{O\_ CO}}$ is the fraction of oxygen in CO \[g~oxygen~/g~CO~\], $X_{\mathit{O\_ CO}2}$ is the fraction of oxygen in CO~2~ \[g~oxygen~/g~CO2~\] and $\mathit{MM}_{\mathit{Oxygen}}$ is the molecular mass of oxygen \[g/mol\].

2.6. Gas chromatography analyses {#s0040}
--------------------------------

A Shimadzu® model GCMS-QP2010 Plus was employed to Gas chromatography analyses. Bio-gas samples were analyzed by gas chromatography-flame ionization detection/thermal conductivity detection (GC-FID/TCD), aiming at the identification of CO, CO~2~, methane, hydrogen and light hydrocarbons (C~2~--C~4~ range). Bio-oil samples were submitted to GC-FID to determine the compounds according to their carbon number distribution by comparison with n-alkane standards. The headspace technique was performed to identify the aromatic compounds. Lastly, carboxylic acids in the bio-oil were determined by GC--MS. Methods employed to all samples are described in [Table 5](#t0025){ref-type="table"}.

2.7. Distillation curves {#s0045}
------------------------

The distillation curve is an important tool to predict bio-oil properties aiming on its co-processing in a standard petroleum refinery [@bib4]. Experiments were performed in an automatic vacuum distiller (B/R Instrument, model M690), based on the standards for petroleum characterization (ASTM D86-04b/2004, and AST D1160-02a, 2002). Minor modifications were considered: distillation rate (1 mL/min, instead of 4--5 mL/min) and volume of sample (200 mL, instead of 100 mL). The distillation curve of a petroleum sample originating from the Baúna\'s field (Brazil) was carried out for comparison purposes.

API gravity (an approach to measuring the specific gravity and it is also widely employed in the characterization of petroleum). The API gravity of crude oil and bio-oil samples was calculated using Eq. [(14)](#eq0070){ref-type="disp-formula"}.$$\mathit{API} = \frac{141.5}{\mathit{SG}}{- 131.5}$$where *SG* is the specific gravity (or density) at 20/4 °C.

Volumetric average boiling point (VABP) is an intermediate boiling point of a crude oil). *VABP* is determined using Eq. [(15)](#eq0075){ref-type="disp-formula"}.$$\mathit{VABP} = \frac{T_{10} + T_{30} + T_{50} + T_{70} + T_{90}}{5}$$where, *T*~10~, *T*~30~, *T*~50~, *T*~70~, *T*~90~ are the temperatures for each distillated volume of the sample (subscript number %).

The mean average boiling point (*MeABP*), which allows the estimation of the molecular mass of the oil sample (*MM*). Given that the *VABP* is calculated from the distillation curve data (Eq. [15](#eq0075){ref-type="disp-formula"}), the *MeABP* is calculated as:$$\mathit{MeABP} = \mathit{VABP}{- \mathrm{\Delta}}$$where$$\mathit{\ln}\mathrm{\Delta} = {- 0.94402 -}{{0.00865(}\mathit{VABP}{- 32)}}^{0.6667} + \left( {2.99791\left( \frac{T_{90} - T_{10}}{90 - 10} \right)} \right)^{0.333}$$

The molecular mass of a crude oil sample can be calculated using the Pedersen correlation [@bib5], given by Eq. [(18)](#eq0090){ref-type="disp-formula"}:$$\mathit{MM} = 42.965\left\lbrack e^{{2.097 \times}10^{- 4}{(\mathit{MeABP})}{- 7.78712}{(\mathit{SG})}{+ 2.08476 \times}10^{- 3}{(\mathit{MeABP})}{(\mathit{SG})}} \right\rbrack({\mathit{MeABP})}^{1.26007}{(\mathit{SG})}^{4.98308}$$
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